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A  direct  correlation  of  QEMG  with  muscle  biopsy  findings 
might  help  delineate  the  sensitivity  of  QEMG  in  identifying 
muscle pathology as well as provide information on electro-
physiological-histological correlations. In a study of 31 patients 
with a variety of myopathies we found that the sensitivity of 
QEMG was between 24 to 69% depending of the specific meth-
od of signal analysis. The positive predictive value of abnormal 
QEMG was more than 90% while its negative predictive value 
was only about 20%. Amplitude outlier analysis was superior 
especially in minimally weak muscles (MRC > 4) and was par-
ticularly sensitive at detecting increased variability in fiber size 
and more subtle myopathic changes. 
Key words: Quantitative electromyography, muscle biopsy, sensi-
tivity
Introduction 
Quantitative  electromyographic  (QEMG)  analysis 
can be a useful tool in the investigation of muscle disease. 
It may be used to select a muscle suitable for biopsy and 
to sample individual muscles periodically to monitor dis-
ease activity (1, 2).
The sensitivity and specificity of QEMG in myopa-
thies have been the subject of several studies which have 
used the clinical diagnoses as the gold (3-7). However 
there is only a handful of studies that have directly cor-
related QEMG with findings on muscle biopsy (8-10). 
Further knowledge on direct correlations between QEMG 
and biopsy would help delineate the sensitivity of the 
former in predicting histological abnormalities.
In the current study we correlate QEMG with biopsy 
findings in the contralateral muscle in a group of 31 pa-
tients referred for neuromuscular evaluation and in which a 
final clinical diagnosis of myopathy was finally reached. 
Methods
Patients
We retrospectively identified 39 patients, referred to 
the Cyprus Institute of Neurology and Genetics for neu-
romuscular evaluation between the period 1999 and 2001. 
During this time period patients suspected of a myopa-
thy had both a QEMG and muscle biopsy as part of their 
routine work up. An abnormal QEMG was not required 
for a patient to proceed to biopsy. All patients exhibited 
proximal  weakness  and/or  hyperCKemia.  Twenty  two 
patients had a Medical research council (MRC) > 4 and 
17 an MRC ≤ 4 in the muscle in which the QEMG was 
performed. All patients had symmetrical clinical involve-
ment of the muscles under investigation. In all 39 patients 
a final clinical diagnosis was reached (Table 1). In 31 the 
final diagnosis was myopathy.
Electromyography
A Nicolet Viking II was used to record motor unit ac-
tion potentials via a concentric needle (Medtronic DCN 
37mm,0,46mm) using the QMUP mode. MUAPs were 
manually selected using signal trigger averaging with the 
patient exerting a weak to moderate effort so as to activate 
2 to 5 MUAPs clearly seen on the baseline. Every effort 
was made to improve sharpness. The filters were set be-
tween 2 Hz to 10 kHz; the acquisition sensitivities were 
set at 100-500 μv/division and 5 ms/division.
orIgInal artIcles
a correlative study of Quantitative eMg  
and biopsy findings in 31 patients  
with myopathies
E. Dardiotis1 2, E. Papathanasiou1, I. Vonta3, G. Hadjigeorgiou2, E. Zamba-Papanicolaou1,  
T. Kyriakides1
1 The Cyprus Institute of Neurology and Genetics, Nicosia, Cyprus; 2 University Hospital of Larissa, Department of Neurology, 
University of Thessaly, Larissa, Greece; 3 Department of Mathematics, National Technical University of Athens, Greece
Address for correspondence: Theodoros Kyriakides, The Cyprus Institute of Neurology and Genetics, PO Box 23462, 1683 Nicosia, 
Cyprus. Tel. +357 22358600. Fax. +357 22392786. E-mail: theodore@cing.ac.cyE. Dardiotis et al.
38
The duration of the MUAPs was determined manu-
ally after averaging at 100 μv/division and 5 ms/divi-
sion. Polyphasic MUAPs, but not satellite potentials, 
were included in the analyses. MUAPs with amplitude 
lower  than  50μV  and  rise  time  longer  than  500μsec 
were  rejected.  Twenty  MUAPs  were  obtained  from 
each  muscle  from  4-5  insertion  points.  The  original 
stored  data  consisting  of  20  averaged  MUAPs  from 
each muscle were re-analyzed for the purpose of this 
study using the mean duration and outlier methods and 
the results correlated with biopsy findings in the con-
tralateral muscle. 
For the mean duration method, the duration of 20 
MUAPs from each muscle were averaged and the mean 
compared with normal values for age (3, 11). A muscle 
was categorized as neuropathic or myopathic if the mean 
MUAP duration was 20% above or below the mean nor-
mal values for age respectively. 
The 20 MUAPs were also analyzed by the outliers 
method (12). Outliers as defined by Stalberg are the up-
per or lower MUAP amplitude or duration values beyond 
which a normal individual has no more than 2 MUAPs. 
For the outliers method we used the upper and lower limit 
values of Oh (13). MUAPs less than 6μsecs in duration 
and /or less than 300μV in amplitude were defined as my-
opathic, while MUAPs longer than 17msec in duration 
and/or larger than 3,5mV in amplitude as neuropathic. 
Muscles with more than 2 MUAPs outside the limits were 
considered abnormal. 
Muscle biopsies 
Open muscle biopsies were obtained from 20 vastus 
lateralis and 19 biceps brachii muscles.
The biopsy was obtained from the contralateral mus-
cle to that examined by QEMG. The selected muscle had 
a Medical research council (MRC) score more than 3. 
The pathologist reading the biopsies was not aware of the 
EMG result.
Muscle biopsy findings were classified for the pur-
pose of the study as myopathic; M1, increased variability 
in muscle fibre size involving both fibre types, M2, the 
presence of necrosis and/or regeneration, M3, the pres-
ence of endomysial fibrosis indicating chronicity and fi-
bre loss and M4 alterations in the fibre architecture with-
out significant fibre loss or variability in fibre size. Such 
abnormalities included ragged red and cytochrome c oxi-
dase deficient fibres (Fig. 1). Biopsies were classified as 
neurogenic if there were angular atrophic fibres of both 
fibre types and/or the presence of type grouping, indica-
tive of reinnervation (Fig. 1). 
Figure 1. Myopathic (M1, M2, M3, M4) and neuropathic 
(N1,N2) biopsy findings. For details see text. Asterix in 
M4 indicates a ragged red fibre.
table 1. Clinical diagnoses and biopsy findings.
Muscle biopsy findings*
Clinical diagnoses Myopathic findings
Neuropathic 
findings
Normal 
findings
All M1 M2 M3 M4
Inflammatory myopathies (n = 5) 5 5 4 1
HyperCKemia (n = 2) 2
Muscular dystrophy (n = 5) 5 4 1 3
Myotonic dystrophy (n = 2) 2 2 1
Inclusion body myositis (n = 1) 1 1 1
Non-specific myopathy (n = 9) 7 5 1 2 2
Mitochondrial myopathy (n = 9) 9 6 2 1 5
Motor neuron disease (n = 3) 3
Lumbar canal stenosis (n = 1) 1
Normal (n = 2) 2
Total number 39 29 23 7 6 9 3 7
Myopathic biopsies could exhibit more than one myopathic feature M1,2,3,4Correlation of QEMG with biopsy findings
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sensitivity
The sensitivity of the QEMG was calculated with ref-
erence to the biopsy findings in the contralateral muscle. 
We calculated the sensitivity of the mean duration and 
outlier QEMG methods separately. The sensitivity of each 
QEMG method was also evaluated separately in patients 
with an MRC > 4 and MRC ≤ 4.
Sensitivity was defined as the proportion of true posi-
tives divided by the sum of true positive and false nega-
tive results. 
Specificity could not be estimated since we did not 
include any real normal individuals in our study.
Predictive value
The positive predictive value of QEMG, defined as 
the likelihood of an abnormal QEMG predicting an ab-
normal biopsy, was calculated.
The negative predictive value of QEMG, defined as 
the likelihood that a normal QEMG will predict a normal 
biopsy, was calculated. 
Statistical analyses
The sensitivities between the different methods were 
compared using the nonparametric McNemar test for re-
lated samples (14). 
results
Patients 
The  clinical  diagnoses  and  biopsy  findings  of  the 
original 39 patients are shown in table 1. Thirty one pa-
tients were diagnosed to have a myopathy. Twenty nine 
exhibit myopathic features in their biopsy while two had 
a normal appearance in the biopsy but were weak and had 
elevated  creatine  kinase. Two  patients  were  diagnosed 
to  have  idiopathic  hyperCKemia,  four  had  neurogenic 
disorders and two were normal. The statistical analyses 
concern the QEMG-biopsy correlations in the 31 patients 
with a clinical diagnosis of myopathy. 
Sensitivity of QEMG 
The  sensitivity  of  QEMG  analyses  was  evaluated 
against the biopsy findings and is shown in Table 2.
The highest sensitivity (68,9%) in detecting a myo-
pathic biopsy was obtained using the amplitude outlier 
method  (MUP  amplitude  of  <  300μv). The  sensitivity 
of the amplitude outlier method was superior to the du-
ration outlier (p = 0,000) and mean duration methods 
(p = 0.007). 
Sensitivity of QEMG in relation to MRC score
The QEMG data were re-examined according to the 
MRC score of the muscle in which the QEMG was per-
formed (Table 3). 
For MRC > 4 the amplitude outlier method was again 
significantly  more  sensitive  than  the  duration  outlier 
method (p = 0.002) and also significantly more sensitive 
than the mean duration method (p = 0.021). For MRC ≤ 4 
there was no significant difference in sensitivity among 
the three methods. 
Predictive values
The positive and negative predictive values for each 
of the three methods of analyses are shown in Table 4. All 
three methods of analyses have similar positive and nega-
tive predictive values.
Relationship of QEMG to biopsy findings
As can be seen in Table 5 for any given method of 
analysis there were no significant differences in the sen-
sitivity in detecting the various (M1, M2, M3, M4) his-
tological subdivisions (all p-values > 0,05 based on Chi-
squared tests). 
In the pure M4 category (the most subtle of the myo-
pathic abnormalities), the amplitude outlier method was 
significantly  more  sensitive  than  the  duration  outlier 
(p = 0,000 and p = 0.000 respectively).
table 2. Sensitivity of Q-EMG methods in detecting ab-
normal biopsies.
Classical Q-EMG 31,0%
Amplitude outliers 68,9%
Duration outliers 24,1%
table  3.  Sensitivity  of  Q-EMG  methods  according  to 
MRC score.
MRC > 4 MRC ≤ 4
Sensitivity  Sensitivity
 (n = 29) (n=16) (n=13)
Classical Q-EMG 18,7% 46,1%
Amplitude outliers 68,7% 69,2%
Duration outliers 6,2% 46,1%
table 4. Predictive values of Q-EMG methods.
PPV NPV
Classical Q-EMG 100% 21%
Amplitude outliers 95% 33%
Duration outliers 87.5% 19%
Positive predictive value; PPV Negative predictive value; NPVE. Dardiotis et al.
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Discussion 
The primary aim of the study was to correlate QEMG 
and pathological findings in the biopsy of the contralateral 
muscle in patients with muscle disease. Although ideally 
the correlation should have been done in the same muscle 
this would not have been pragmatic since current practice 
is to perform the EMG on one side and do the biopsy on the 
contralateral muscle to avoid the risk of needle myopathy. 
We also examined the spectrum of histological abnormali-
ties that are associated with abnormalities on QEMG.
We have found the amplitude outlier method to be 
the most sensitive in identifying myopathic abnormali-
ties  with  a  sensitivity  of  69%.The  positive  predictive 
value of QEMG i.e. the likelihood of abnormal biopsy 
if the QEMG is abnormal is very high (87.5-100%). The 
number of patients with a normal biopsy is perhaps too 
small to perhaps give valid negative predictive values. 
For the outlier methods of analyses we have arbitrar-
ily used the cut of reference values from Oh which are 
the values we normally use for qualitative MUAP analy-
sis (13). We are aware that the method we have used to 
extract MUAP introduces a bias towards low threshold 
motor units but we made a special effort to vary the win-
dow trigger to capture MUAP of various amplitudes as 
long as the rise time was < 500μsec. The latter require-
ment ensured that the needle was very close to the firing 
muscle fiber and the MUAP amplitude greatly influenced 
by the diameter of the closest fiber.
Although different absolute values for the outliers 
have been used, derived using the multi-MUAP extraction 
method other studies have also identified the amplitude 
outlier analysis as a sensitive method for myopathies. A 
recent study on facioscapulohumeral muscular dystrophy 
found that in the milder affected vastus lateralis the am-
plitude outlier method was 33% sensitive compared to a 
10% of the duration outlier method (15). Similarly, in a 
smaller study of 8 patients with myopathies the amplitude 
outlier method was 75% sensitive compared to 25% and 
37,5% of the duration outlier and mean duration meth-
ods (12).
This difference in sensitivity between the various 
QEMG methods in our study could perhaps be explained 
by the sequence of histological changes commonly seen 
in the biopsy of most slowly evolving myopathies. Ini-
tially there is increasing variability in fibres size due to 
round atrophy involving both fibre types (16). As the 
myopathy becomes more severe there is gradual loss 
of muscle fibres and replacement with endomysial con-
nective tissue (17). In addition to fibre loss there may 
be compensatory increase in the diameter of surviving 
fibres  (work  hypertrophy)  (16).  Superimposed  on  the 
above changes there may be various amount of necrosis 
and regeneration.
The amplitude of the MUAP is determined by 5-12 
fibres within a 0,5 mm radius of the recording needle 
tip, while MUAP duration is determined by the number 
of fibres within a 2,5 mm radius of the recording needle 
tip (18). As atrophic fibres begin to appear within the 0,5 
mm radius of the recording tip this will cause a reduction 
in MUAP amplitude. As the myopathy progresses and 
there is random loss of fibres will there be shortening of 
the MUAP duration. 
Our patients were mostly in the early stages of clini-
cal involvement and only 6 out 31 patients exhibited fibre 
loss as evidenced by the presence of increased endomy-
sial tissue (M3). This perhaps explains the higher sensi-
tivity demonstrated by the amplitude outlier method. 
There  were  no  significant  differences  in  detecting 
the various histological abnormalities (M1, M2, M3, and 
M4) for any one of the three QEMG methods. Since vari-
ability in fiber size (M1) was present in most of the biop-
sies one can speculate that this histological feature alone 
drives the sensitivity of each of the method of analysis. 
Our study is in keeping with the view that EMG can not 
be reliably correlated with specific features in the mus-
cle biopsy. Previous studies examining QEMG and mus-
cle biopsy have documented a correlation only between 
long duration motor unit potential and regenerating fib-
ers (9, 10). 
No formal morphometry on the biopsies was carried 
out in our study, such as deriving atrophy or hypertro-
table 5. Sensitivity of various Q-EMG criteria according 
to biopsy findings.
Myopathic findings 
in muscle biopsy 
(n = 29)
Sensitivity
Classical Q-EMG All (n = 29) 31,0%
M1 (n = 23) 39,1%
M2 (n = 7) 28,6%
M3 (n = 6) 33,3%
M4 (n = 9) 22,2%
M4 without M1 (n = 5) 0%
Amplitude outliers All (n = 29) 68,9%
M1 (n = 23) 69,5%
M2 (n = 7) 71,4%
M3 (n = 6) 50%
M4 (n = 9) 77,7%
M4 without M1(n = 5) 80%
Duration outliers All (n = 29) 24,1%
M1 (n = 23) 30,4%
M2 (n = 7) 14,3%
M3 (n = 6) 33,3%
M4 (n = 9) 11,1%
M4 without M1 (n = 5) 0%Correlation of QEMG with biopsy findings
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phy factors, since this is not routinely practiced in our 
laboratory.
There are many other limitations to our study includ-
ing its retrospective nature and the small numbers of pa-
tients. However it was based on material acquired on a 
pragmatic approach in the investigation of patients. The 
ideal study would have been prospective and should have 
included patients in which the QEMG and biopsy are per-
formed sequentially in the same muscle. In addition in 
interpreting the findings of this study the sampling errors 
both of QEMG and that of the muscle biopsy need to be 
kept in mind. 
In summary, based on our data, we conclude that the 
amplitude outlier method of analysis may be the most 
sensitive method in picking up myopathy at its very earli-
est stage. 
references 
1.  Fuglsang-Frederiksen A. The role of different EMG methods in 
evaluating myopathy. Clin Neurophysiol 2006;117:1173-89.
2.  Liguori R, Fuglsang-Frederiksen A, Nix W, et al. Electromyogra-
phy in myopathy. Neurophysiol Clin 1997;27:200-3.
3.  Buchthal F, Pinell P, Rosenfalck P. Action potential parameters in 
normal human muscle and their physiological determinants. Acta 
Physiol Scand 1954;32:219-29.
4.  Nandedkar SD, Barkhaus PE, Sanders DB, et al. Analysis of ampli-
tude and area of concentric needle EMG motor unit action poten-
tials. Electroencephalogr Clin Neurophysiol 1988a;69:561-7.
5.  Sonoo M, Stalberg E. The ability of MUP parameters to discrimi-
nate between normal and neurogenic MUPs in concentric EMG: 
analysis of the MUP „thickness“ and the proposal of „size index“. 
Electroencephalogr Clin Neurophysiol 1993;89:291-303.
6.  Stalberg E, Nandedkar SD, Sanders DB, et al. Quantitative motor 
unit potential analysis. J Clin Neurophysiol 1996;13:401-22.
7.  Zalewska E, Hausmanowa-Petrusewicz I. Global and detailed fea-
tures of motor unit potential in myogenic and neurogenic disorders. 
Med Eng Phys 1999; 21:421-9.
8.  Black JT, Bhatt GP, Dejesus PV, et al. Diagnostic accuracy of clinical 
data, quantitative electromyography and histochemistry in neuromus-
cular disease. A study of 105 cases. J Neurol Sci 1974;21:59-70.
9.  Buchthal  F,  Kamieniecka  Z.  The  diagnostic  yield  of  quantified 
electromyography and quantified muscle biopsy in neuromuscular 
disorders. Muscle Nerve 1982;5:265-80.
10.  Uncini A, Lange DJ, Lovelace RE, et al. Long-duration polypha-
sic motor unit potentials in myopathies: a quantitative study with 
pathological correlation. Muscle Nerve 1990;13:263-7.
11.  Buchthal F, Pinelli P. Analysis of muscle action potentials as a di-
agnostic aid in neuro-muscular disorders. Acta Med Scand Suppl 
1952;266:315-27.
12.  Stalberg E, Bischoff C, Falck B. Outliers, a way to detect abnormal-
ity in quantitative EMG. Muscle Nerve 1994;17:392-9.
13.  Oh SJ. Principles of Clinical Electromyography: Case Studies. Bal-
timore: Williams & Wilkins 1998.
14.  Agresti A. An introduction to Categorical Data Analysis, Second 
Edition. Hoboken, New Jersey: John Wiley & Sons, 2007.
15.  Podnar  S,  Zidar  J.  Sensitivity  of  motor  unit  potential  analy-
sis  in  facioscapulohumeral  muscular  dystrophy.  Muscle  Nerve 
2006;34:451-6.
16.  Dubowitz V. Muscle Biopsy. A Practical Approach, 2nd ed. Lon-
don: Bailliere Tindall 1985.
17.  Cullen M, Johnson M, Mastaglia F. Pathological reactions of skel-
etal muscle. In: Mastaglia FL, Lord Walton of Detchant, editors. 
Skeletal muscle pathology. Edinburgh: Churchill Livingstone 1992, 
pp. 123-184.
18.  Nandedkar SD, Sanders DB, Stalberg EV, et al. Simulation of con-
centric needle EMG motor unit action potentials. Muscle Nerve 
1988b;11:151-9.